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Use of Selected Toxicology Information
Resources in Assessing Relationships
between Chemical Structure and Biological
Activity
by John S. Wassom*

This paper addresses the subject of the use of selected toxicology information resources in assessing
relationships between chemical structure and specific biological end points. To assist the researcher in
how to access the primary literature of genetic toxicology, teratogenesis, and carcinogenesis, three specific
specialized information centers are discussed-Environmental Mutagen Information Center, Environ-
mental Teratology Information Center, and Environmental Carcinogenesis Information Center. Also in-
cluded are descriptions of information resources that contain evaluated (peer-reviewed) biological research
results. The U.S. Environmental Protection Agency Genetic Toxicology Program, the International Agency
for Research on Cancer Monographs, and the Toxicology Data Bank are the best sources currently available
to obtain peer-reviewed results for compounds tested for genotoxicity, carcinogenicity, and other toxi-
cological end points.
The value of published information lies in its use. It has become evident that most information cannot

be accepted at face value for interpretation and analysis when subjected to stringent quality evaluation
criteria. This deficit can be corrected by rigid editorship and the cognizance of authors.

Increased interest in alternative methods to in vivo animal testing will be exemplified by use of short-
term bioassays and in structure-activity relationship studies. With respect to this latter area, it must be
remembered that mechanically (computer generated) derived data cannot substitute, at least at this stage,
for data obtained from actual animal testing. The future of structure-activity relationship studies will
rest only in their use as a predictive tool.

Attempts to correlate chemical structure with the
induction of specific toxicological end points must in-
clude a strong alliance with specialized information cen-
ters that collect, store, and distribute information
relevant to the various disciplines of toxicology. This
alliance is necessary if researchers interested in ex-
ploring structure-activity relationships (SAR) are to
keep current with the steadily expanding volume of lit-
erature being published. The success of an investiga-
tor's endeavors will be proportional to his or her ability
to access and to use the literature pertinent to his or
her scientific area of interest.
An array of toxicology and chemical information re-

sources is available to SAR practitioners (1,2). Akland
and Waters (2) have recently catalogued the major
chemical and toxicological data bases and information
files that can provide information for assessing SAR.

*Environmental Mutagen, Carcinogen, and Teratogen Information
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The volume of information represented in the resources
described in this publication has increased significantly
during the last 16 years. No doubt, if a researcher within
any area of toxicology succumbed to the Rip van Winkle
syndrome, nodded off to sleep in 1968, and awakened
in 1984, he or she would be astounded at the rate at
which papers were being published. One would also be
overwhelmed at the amount and complexity of the in-
formation accumulated. Two areas of toxicology (ge-
netic toxicology and teratology) have been selected to
demonstrate this rapid literature growth (Table 1). These
research areas have come into prominence within the
last several years as efforts have increased to determine
the effects of environmental agents, especially chemi-
cals, on man's health and well-being.
The intent of this paper is to focus on those infor-

mation resources and/or data bases that persons inter-
ested in conducting SAR studies can use from the areas
of general toxicology, genetic toxicology, teratology,
and carcinogenicity.
As previously noted, a phenomenal increase in the

number of papers published since mid-1960 has made
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Table 1. Annual publication occurrence of literature published
in the areas of genetic toxicology and teratology (1968-1983).

Year Genetic toxicologya Teratology'
1968 981 631
1969 1402 717
1970 1942 858
1971 2412 1009
1972 2607 1118
1973 2783 1497
1974 2392 1545
1975 2706 1805
1976 2898 2075
1977 3220 2477
1978 3833 2370
1979 3842 2613
1980 4049 2641
1981 4289 2360C
1982 4572 2387C
1983 3180C 1479C

aNumbers obtained from the EMIC information file.
bNumbers obtained from the ETIC information file.
cNumbers for these years are incomplete.

difficult the scientist's task of acquiring, using, and com-
municating information. Before 1960, access to infor-
mation in a particular discipline could be obtained
through communication with colleagues, attendance at
select scientific meetings, and regular reading of a few
key journals. Scientific advancement, however, has made
inadequate these methods of acquiring information.
Today, scientists in all disciplines of toxicology are

plagued with the intrinsic problem ofhaving to deal with
accessing and using a rapidly growing volume of liter-
ature. Researchers attempting to assess the relation-
ships between chemical structure and toxicology end
points are not exempt from this problem. As a matter
of fact, they are faced with an additional handicap be-
cause of the lack of data bases with evaluated (peer-
reviewed) biological research results. In order to over-
come this deficiency, SAR enthusiasts will have to in-
itiate a painstaking effort to fulfill this need for biological
research results by collecting, reviewing, and evaluat-
ing papers from the primary literature (2). However,
this painstaking task can be made much easier through
the use of the selected specialized information centers
described in this paper. Furthermore, by taking ad-
vantage ofthe available evaluated biological effects data
bases, researchers can begin applications of SAR in some
areas.

Specialized Toxicology Information
Centers'Provide Access to the
Primary Literature
There are three innovative specialized information

activity centers available at the Oak Ridge National
Laboratory (ORNL) for use in accessing the primary
literature relevant to genetic toxicology, teratogenicity,
in vivo carcinogenicity, and in vitro cell transformation.
Detailed descriptions of these centers (Environmental

Mutagen Information Center, Environmental Teratol-
ogy Information Center, and Environmental Carcino-
genesis Information Center) have been previously
published (3,4); therefore, only brief summaries will be
presented.

Environmental Mutagen Information
Center

In an effort to catalog systematically and to make
available all published data in the area of genetic toxi-
cology, the Environmental Mutagen Information Cen-
ter (EMIC) was organized in 1969 at ORNL.
The major emphasis of EMIC's work focuses on the

collecting, organizing, and indexing of papers relevant
to the testing and/or evaluation of chemical, biological,
and physical agents for one or more of the following
biological end points: cytological effects, effects on chro-
mosomes, effects on nucleic acids, effects on fertility
and/or sterility (work coordinated with the Environ-
mental Teratology Information Center), gene mutation
induction, mitotic or meiotic effects, ancillary effects
(e.g., sperm-head abnormalities, comutagenesis, mul-
tigenerational studies, activation studies, etc.), and plant
pigment mutation induction.
The EMIC data base consists of representative cov-

erage of the literature prior to 1969 and comprehensive
coverage of the literature for the period 1969 to date.
Each record in the EMIC data base contains the usual

bibliographic data common to all information services.
In addition, EMIC indexes a wide range of technical
data not available in other sources that allows investi-
gators to search according to specific interests. For ex-
ample, each citation is indexed by the following points:

1. Accession number
2. Author(s)
3. Title
4. Citation (CODEN, volume, issue, pages, year) or
5. Publisher, city of publication, pages, year (books

only)
6. Publication type
7. Language
8. Translation note
9. Secondary source
10. Test object, general classification
11. Test object, specific classification (includes strain

designations)
12. Cell culture or tissue analyzed (general and spe-

cific classification)
13. Sex of treated animal
14. Cell type (somatic or germinal) observed
15. Cell type (somatic or germinal) treated if it dif-

fered from that observed
16. Conditions of exposure if other than in vivo (in

vitro and in utero)
17. Assay system or biological end point (general and

specific classification)
18. Agent(s) used to activate liver enzymes (used only
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when metabolic activation is part of the experimental
protocol)

19. Strain to which treated animal was mated if it
differed from the strain treated (as in oocyte repair
studies)

20. Agent(s) tested
21. Chemical Abstracts Service Registry Number(s)

for all chemical agents (assigned and verified by EMIC's
chemical indexers)
As the use of the EMIC data base has grown and the

EMIC staff has had the opportunity to interact with its
users through personal communication, search re-
quests, special projects, and other media, new needs
and uses ofEMIC services have become apparent. EMIC
has responded by adding new indexing fields, such as
explicit descriptions of the assay method and/or genetic
end point measured, making the EMIC data base more
versatile in its ability to respond to questions from its
users.
The indexing scheme used by EMIC provides more

complete and more readily accessible information than
is possible with conventional text abstracts used by most
secondary information resources. The EMIC file now
contains over 50,000 citations which have been selected
from over 3200 sources, with information on more than
15,000 unique chemicals. This file is accessible online
through the National Library of Medicine's TOXLINE
system and the U.S. Department of Energy's RECON
system. Investigators not having online access to the
EMIC file may contact the center directly with their
search requests by writing to the following address:
Environmental Mutagen Information Center, Oak Ridge
National Laboratory, P. 0. Box Y, Bldg. 9224, Oak
Ridge, TN (U.S.A.) 37831.

Environmental Teratology Information
Center

The Environmental Teratology Information Center
(ETIC) was organized in 1975 at ORNL by the National
Institute of Environmental Health Sciences. The infor-
mation on file in this center is available to individual
researchers and physicians, as well as to institutions
and government research and regulatory agencies. Easy
access to this literature facilitates health assessment,
research planning, and prevention of the duplication of
effort in the field of environmental teratology.
The major emphasis of ETIC's work focuses on the

collecting, organizing, and indexing of papers that con-
tain information relevant to the testing and/or evalua-
tion of chemical, biological, and physical agents for
teratogenic activity and reproductive effects in warm-
and cold-blooded animals. Publications dealing with other
factors, such as dietary deficiencies and maternal stress,
are also included. In addition to this primary emphasis
on information collection, ETIC selects and processes
papers that deal with in vitro short-term teratology
testing and with the evaluation of reproductive and/or

fertility effects of agents. The programs and information
processing techniques used by ETIC to control and to
manipulate collected information have been adapted from
techniques developed and successfully used by EMIC.
These programs and information processing techniques
have met the needs of the center's user community and
serve as the source for the dissemination of information
relevant to the fields of teratology and reproductive
toxicology.
There are currently 33,000 citations in the ETIC file

covering the literature published from 1950 to the pres-
ent. These citations have been selected from over 3100
sources, with information on over 6000 unique chemi-
cals. Each citation is basically indexed in the same man-
ner used by EMIC. For example, the information
elements shown in the previous section for EMIC are
also used by ETIC. In addition to these, other specific
subject categories indexed are: sex of treated animal;
experimental conditions; developmental stage oftreated
animal (amphibians, fish, reptiles, and sea urchins only);
author abstract (selected papers only); biological effect
keywords; cell type(s), tissue(s), organ(s), or whole em-
bryo(s) analyzed (in vitro studies only); inducer(s)
[agent(s) employed to alter microsomal production and/
or enzyme activity]; agent(s) tested; Chemical Ab-
stracts Service Registry Number(s) [chemical agent(s)
only]
The ETIC file may be accessed online through the

National Library of Medicine's TOXLINE system and
the U.S. Department of Energy's RECON system. The
ETIC staff has the capability of directly answering
questions which cannot be answered online or those
from investigators not having online access to the file.
Further information can be obtained from ETIC at either
of the following addresses: Environmental Teratology
Information Center, Oak Ridge National Laboratory,
P.O. Box Y, Bldg. 9224, Oak Ridge, TN (U.S.A.) 37831;
or Environmental Teratology Information Center, Na-
tional Institute of Environmental Health Sciences,
P. 0. Box 12233, Maildrop 18-01, Research Triangle
Park, NC (U.S.A.) 27709.

Environmental Carcinogenesis
Information Center

Because of the limitations of accessing the literature
of carcinogenesis, the Environmental Carcinogenesis
Information Center (ECIC) was organized in 1980 to
provide specialized information services to investigators
and other interested individuals in the areas of in vitro
cell transformation in mammalian cells and in vivo an-
imal carcinogenicity. The need for a subject-oriented
carcinogenicity information resource was confirmed from
surveys of researchers and information specialists. In
particular, this need was clearly illustrated by attempts
to gather and to access information from this area as
part of the U.S. Environmental Protection Agency
(EPA) Genetic Toxicology (Gene-Tox) Program (5).
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ECIC is a computerized information facility struc-
tured within the same organization as EMIC and ETIC.
The mission of ECIC is to collect, organize, and dis-
seminate information relevant to studies of in vivo an-
imal carcinogenicity and in vitro oncogenic cell
transformation in mammalian cells.
Papers selected for the ECIC file are primarily con-

cerned with the testing of chemicals or other agents for
in vivo animal carcinogenicity or in vitro cell transfor-
mation. Particular emphasis is given to those papers
discussing agents for which short-term genetic toxicol-
ogy test data are available in EMIC files. Peripheral
subjects that may be useful in understanding the known
or suspected carcinogenic activity of environmental
agents are tagged in ECIC's companion centers, EMIC
and ETIC. As is the practice in EMIC and ETIC, copies
of all ECIC cited papers are available on file at the
center.
Various methods are used to locate relevant publi-

cations of interest. The most productive is the manual
searching of key journals which regularly publish data
on carcinogenicity.* These journals are scanned as soon
as they are available and yield 40 to 50% of the papers
selected to become a part of the ECIC information file.
The other 50 to 60% is obtained by searching the large
secondary abstracting services such as Chemical Ab-
stracts, Biological Abstracts, and BioResearch Index.
Other secondary resources, such as CANCERLIT, are
also utilized. Descriptions of these secondary sources
are given by Akland and Waters (2). Researchers assist
ECIC by sending reprints of their work and copies of
material from journals and books published in their re-
spective countries. Such cooperation is frequently the
only means of obtaining information from non-English
language sources.

It is only after a copy of a publication is obtained that
information is prepared for two-phase computer input.
Initial preparation of input consists of recording biblio-
graphic details and other similar information indexed
by EMIC (see EMIC indexing element numbers 1-11).

Following initial processing, papers are then assigned
for technical indexing. Criteria used in processing ar-
ticles for technical indexing were established for ECIC
by the Carcinogenesis Panel of the Gene-Tox Program.
The subject categories for in vitro cell transformation
include: experimental description, abstract, activation
system used, chemical inducer of the activation system,
assay (colony morphology, growth in soft agar, viral
enhancement, etc.), animal source of the target cell,
target cell used in the experiment, virus name (viral
enhancement studies only), agent(s) tested, and Chem-
ical Abstracts Service Registry Number(s) [chemical
agent(s) only]. The topics for in vivo animal carcino-
genicity include: sex of treated animal, agent(s) tested,
Chemical Abstracts Service Registry Number(s) [chem-
ical agent(s) only], solvent and/or vehicle used for

*Readers who would like copies of the ECIC key journal list may
obtain it by writing to the center.

administration of agent, route of administration, ex-
perimental design (serial biopsy, interval and terminal
autopsy, etc.), type of analysis (gross pathology, his-
topathology, etc.), organ(s) examined, assay, promoter,
and control(s) (concurrent, historical, etc.).
The primary focus of ECIC's current work is to collect

information on compounds for which EMIC has short-
term genetic toxicology test data. This information will
be used in the continuing update of the EPA Gene-Tox
Program. At present, ECIC has over 3000 papers in its
file, with information on over 800 compounds.

Readers may obtain additional information on ECIC
by writing to the Environmental Carcinogenesis Infor-
mation Center at the address given in the previous
section.

Considering all that has been discussed thus far, one
can see that the function of information collection and
processing as performed at EMIC, ETIC, and ECIC
can serve SAR researchers as a valuable resource for
accessing the literature in the areas of genetic toxicol-
ogy, teratology, and carcinogenicity.

Quality vs. Quantity in the Review
and Analysis of Information from
Primary Literature
Once the problem (quantity) of access has been re-

solved, the next question (quality) is "How good are the
reported data?" Here, the users of the information must
rely on their own personal knowledge and on the stan-
dard editorial policy of the journal or publication source.
During the Gene-Tox review and evaluation of the

literature on selected short-term genetic toxicology
bioassays, in vitro cell transformation bioassays, and in
vivo carcinogenicity studies through mid-1979, some
provocative insights into the quality of the literature
were revealed. It was shown that most journals failed
to maintain a strict editorial policy with respect to for-
mat, data presentation, and inclusion or referencing of
key or essential information elements regarding such
obviously vital items as specific details of agent(s) tested,
control data, experimental design, and/or protocol used.
Because of these deficiencies, only 52% of the papers
reviewed were used; it is indeed interesting that almost
half (48%) of the literature was, for one reason or an-
other, not used. Some of the papers in this latter cat-
egory were not used either because they were written
in a foreign language, not published in a refereed source,
or did not contain original data; the majority, however,
did not meet the rigid criteria established by the various
Gene-Tox review panels. The criteria used for each spe-
cific bioassay reviewed by Gene-Tox may be found in
the various published panel reports for that bioassay.
The number of papers used varied with each panel and
bioassay. The panel having the lowest use percentage
(8%) was the Chinese hamster ovary (CHO) cell gene
mutation panel. Although perhaps not as well docu-
mented as the Gene-Tox observations, the work groups
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Table 2. Toxicology information resources providing access to
primary literature and evaluated biological research results.a

Means of accessing Available sources of
Research area primary literature evaluated data
Genetic toxicology EMIC/TOXLINE Gene-Tbx
Carcinogenicity ECIC/CANCERLINE IARC Monographs;

Gene-obx
Teratology ETIC/TOXLINE
General toxicology TOXLINE TDB
aFor descriptions of the TOXLINE and CANCERLINE (prev-

iously called CANCERLIT) systems, see the references (1,2).

that are convened by the International Agency for Re-
search on Cancer (IARC) for the purpose of reviewing
the literature and producing monographs on the carcin-
ogenicity of selected chemical substances can corrobo-
rate the need for more strict editorial policies. DeMarini
and Shelby (6) have recently commented on the state-
of-the-scientific literature and the lack of published data
to properly evaluate test results. Even with these de-
ficiencies, the indexing methods that are used by EMIC,
ECIC, and ETIC facilitate the answering of specific
queries and help users differentiate which papers meet
their personal criteria or standards.

Peer-Reviewed Biological Research
Results Data Bases
At present there are only a small number of evaluated

data bases which can be put to use by SAR practitioners
interested in the areas of general toxicology, genetic
toxicology, teratogenicity, or carcinogenicity. How-
ever, these sources that are available are shown in Table
2, and are described in the following section.

U.S. EPA Gene-Tox Program Agent
Registry File
The Gene-Tox Program (5) is a two-phase evaluation

of selected short-term bioassays for detecting muta-
genicity and presumptive carcinogenicity. Sponsored and
directed by the Office of Testing and Evaluation within
EPA's Office of Pesticides and Toxic Substances, Gene-
Tox is used by EPA as a resource in establishing stan-
dard genetic testing and evaluation procedures for the
regulation of toxic substances. Gene-Tox also helps to
determine the direction of research and development in
the field of genetic toxicology.

In the first phase of the Gene-Tox Program, 23 panels
(each consisting of5-10 scientists) reviewed the existing
literature from the EMIC information file through mid-
1979 and prepared reports on the applicability and per-
formance of each selected bioassay (Appendix). The data
were edited and placed in a computer file. To date,
information on over 2600 different chemicals has been
entered in this file. This distribution ofthese compounds
among the 73 short-term bioassays (64 genetic toxicol-
ogy and 9 cell transformation) reviewed by Gene-Tox

is sporadic. Some bioassays have results on less than
10 compounds (e.g., the in vivo sister chromatid ex-
change test with human lymphocytes has only one), while
other bioassays, such as the Ames/Salmonella test, have
as many as 1079. Evaluated in vivo carcinogenicity re-
sults are also available in the Gene-Tox file on 392 com-
pounds. The structural classification of all Gene-Tox
evaluated compounds, as they occur within a given
bioassay, show an erratic clustering pattern with re-
spect to their common structural characteristics. This
clustering or distribution, of course, varies with respect
to the number of compounds tested in each bioassay.
The Gene-Tox data base will be available online through
the NIH/EPA Chemical Information System (7), Tox-
icology Data Bank (8,9), and Registry of Toxic Effects
of Chemical Substances (10).
During this current second phase of the Gene-Tox

Program, panels of scientists are critically evaluating
the reports for each bioassay and comparing them on a
chemical-by-chemical and class-by-class basis (11). From
this evaluation, attempts will be made to determine the
sensitivity of each bioassay to respond to specific classes
of chemicals and to identify major strengths and weak-
nesses of each bioassay. The data base resulting from
the Gene-Tox Program is the most comprehensive col-
lection of evaluated genetic toxicology data available.
Work is under way to update this data base with ma-
terial screened from papers in the EMIC file published
from mid-1979 through March 1984.

International Agency for Research on
Cancer (IARC) Monographs

In 1971, IARC initiated a program to evaluate the
carcinogenic risk of chemicals to humans (12). The object
of the program was to provide government authorities
with expert, independent scientific opinions regarding
environmental carcinogenesis through the publication
of critical reviews of carcinogenicity and related data.
The aims of IARC are to evaluate possible human car-
cinogenic risk from the detailed reviews and analyses
of the pertinent literature. IARC's work is partially
funded by the National Cancer Institute.
The IARC monographs summarize the evidence for

the carcinogenicity of individual chemicals and other
relevant information on the basis of data compiled, re-
viewed, and evaluated by a working panel of experts.
Priority is given to chemicals, groups of chemicals, or
industrial processes for which there is at least some
suggestion of carcinogenicity either from evidence of
human exposure and/or observations in animals. It should
be emphasized that the inclusion of a particular com-
pound in an IARC volume does not necessarily mean
that it should be considered to be carcinogenic nor does
the fact that a chemical is absent from an IARC review
imply that it is not a carcinogenic hazard. As new data
become available on chemicals for which monographs
have already been prepared and/or new principles for
evaluation become available, reevaluations may be made
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at subsequent IARC meetings, and if the new evidence
warrants, revised monographs will be published.
The IARC monographs are distributed internation-

ally to governmental agencies, industries, and scien-
tists. They are also offered to any interested person
through the World Health Organization publication
outlets.
Through December 1983, 32 volumes of the mono-

graphs and four supplements have been published. These
volumes contain indexes both for chemical name and
molecular formula, as well as Chemical Abstracts Serv-
ice Registry Number(s). A total of 800 chemicals have
been reviewed by IARC through Monograph Volume
32. Carcinogenicity evaluations have not been made on
all the chemicals reviewed; either no data were available
or the data available to IARC were judged inadequate
for evaluation.

Toxicology Data Bank
The Toxicology Data Bank (TDB) (8,9,13,14) is a fac-

tual data base composed of over 4150 comprehensive
chemical records. These records contain up to 60 dif-
ferent data elements which are grouped into eight cat-
egories. These categories include pharmacological and
toxicological data (e.g., LD,0 values), environmental and
occupational information, manufacturing and use data,
as well as information on the chemical and physical prop-
erties of each chemical record. Substances selected for
TDB include high volume production or exposure chem-
icals, drugs and pesticides exhibiting potential toxicity
or adverse effects, and other substances of interest.
The information used in a TDB record is selected from

sources such as TOXLINE and secondary sources such
as standard reference books, handbooks, criteria doc-
uments, and monographs. The data extracted from sec-
ondary sources are reviewed on a quarterly basis by a
panel of experts convened by the Toxicology Study Sec-
tion, National Institutes of Health. Additional infor-
mation from other sources, such as TOXLINE, may be
incorporated by the panel or Peer-Review Committee
members to assure that each TDB record contains the
most relevant theories and accurate information.
Readers may obtain further information on TDB by

contacting either Toxicology Data Bank, Oak Ridge Na-
tional Laboratory, P.O. Box X, Bldg. 2001, Oak Ridge,
TN (U.S.A.) 37831; or Specialized Information Service,
Toxicology Information Program, National Library of
Medicine, 8600 Rockville Pike, Bethesda, MD (U.S.A.)
20209.

Chemical Structure as a Tool for
Predicting Biological Activity
A considerable amount of work is under way regard-

ing the use of chemical structure to predict the carcin-
ogenicity, mutagenicity, or teratogenicity of chemical
compounds. Several promising models for use in pre-

dicting specific biological responses have been reviewed
in a recent book edited by Golberg (15).
The correlation of biological properties with chemical

structure is rooted in the early history of pharmacology
when compounds with similar structural characteristics
to those of known pharmaceuticals were selected to test
their efficacy to combat human disease. The principles
of drug action based on chemical structure have been
carried over to other research areas where structural
attributes or characteristics of known biological re-
sponse invite comparison with compounds whose activ-
ities are unknown. The subject of SAR has intrigued,
to some degree, investigators in the field of carcino-
genesis, mutagenesis, and teratogenesis as they have
made selections of compounds to undergo testing.

Because the volume of literature for carcinogenesis,
mutagenesis, and teratogenesis has grown significantly,
especially in the last decade, a larger information base,
composed of the primary literature, is now available to
SAR practitioners than every before. The three spe-
cialized information centers described in this paper can
serve as a valuable source of primary information for
SAR studies. With this much needed information base,
the level of effort now placed in this area, coupled with
the development of peer-reviewed data bases and the
crafting by high technology groups of new computer
hardware and software for more efficient SAR studies,
will make possible the occurrence of significant accom-
plishments within the next five years. Interest in SAR
must be tempered with the recognition of the weakness
inherent in most existing information collections used
for drawing correlations between chemical structure and
biological activity (15). This weakness is the lack of eval-
uated or peer-reviewed quantitative data. The infor-
mation activities that are now available and contain peer-
reviewed evaluation data were discussed in the previous
section. Many more programs and/or projects, such as
Gene-Tox, IARC monographs, and TDB that generate
the needed evaluated data bases from either primary
or secondary literature, will be required before SAR
technology can be applied effectively and used. An ex-
tensive review of the published literature, similar to the
Gene-Tox Program, is needed to fill the void that now
exists in the teratology research area with respect to
the availability of a comprehensive and peer-reviewed
data base.
The reservoir of peer-reviewed toxicological data will

be greatly enhanced as a result of the research efforts
of the National Toxicology Program (NTP) (16,17).
Compendiums, such as the one recently published con-
taining NTP's Salmonella test results on 250 chemicals
(18), will provide a substantial amount of new and im-
mediately usable data. Access to these and other NTP
toxicity testing data will be crucial to the success of all
future SAR studies. Augmenting the NTP testing data
with that already assembled in the peer-reviewed bio-
logical effects data bases discussed in this paper will
make it possible to initiate effective SAR studies on
several specific toxicological end points (e.g., mutation
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induction in Salmonella). However, even with the mar-
riage of the NTP data and those gleaned from the pri-
mary or secondary literature, it will still take at least
three to five more years of continuing effort before
enough peer-reviewed data are available for most tox-
icological end points and effective SAR study.
The enthusiasm that will follow accomplishments made

in this area within the next five years, through use of
the increased accumulation of evaluated data bases and
more sophisticated computer technology, must be mit-
igated by the fact that mechanically derived data (com-
puter generated results from SAR studies) can be used
only as a "predictive tool" and not as a substitute for
or alternative to actual biological testing. The greatest
future value of predictive SAR studies will be their use
to select chemicals for testing to make the most expe-
dient use of resources such as personnel, equipment,
money, and time.

Golberg, in the introduction to his book (15), draws
a very poignant analogy between our current pursuits
of SAR and the Shakespearean character Macbeth:
" . . . we should learn from Macbeth's experience and not
take predictions too literally, even when they come from
a computer rather than a witch."

Appendix:

U.S. Environmental Protection
Agency Genetic Toxicology
Program-Publication List

Manuscripts Published
Brusick, D. J., Simmon, V. F., Rosenkranz, H. S., Ray, V. A.,

and Stafford, R. S. An evaluation of the Escherichia coli WP2 and
WP2 uvrA reverse mutation assay. Mutat. Res. 76: 169-190 (1980).

Generoso, W. M., Bishop, J. B., Gosslee, D. G., Newell, G. W.,
Cheu, C.-J., and Von Halle, E. Heritable translocation test in mice.
Murat. Res. 76: 191-215 (1980).

Hsie, A. W., Casciano, D. A., Couch, D. B., Krahn, D. F., O'Neill,
J. P., and Whitfield, B. L. The use of Chinese hamster ovary cells to
quantify specific locus mutation and to determine mutagenicity of
chemicals. A report of the Gene-Tox Program. Mutat. Res. 86: 193-
214 (1981).

Russell, L. B., Selby, P. B., Von Halle, E., Sheridan, W., and
Valcovic, L. The mouse specific-locus test with agents other than
radiations: interpretation of data and recommendations for future
work. Mutat. Res. 86: 329-354 (1981).

Russell, L. B., Selby, P. B., Von Halle, E., Sheridan, W., and
Valcovic, L. Use of the mouse spot test in chemical mutagenesis:
interpretation of past data and recommendations for future work.
Mutat. Res. 86: 355-379 (1981).

Latt, S. A., Allen, J., Bloom, S. E., Carrano, A., Falke, E., Kram,
D., Schneider, E., Schreck. R., Tice, R., Whitfield, B., and Wolff,
S. Sister-chromatid exchanges: a report of the Gene-Tox Program.
Mutat. Res. 87: 17-62 (1981).

Bradley, M. O., Bhuyan, B., Francis, M. C., Langenbach, R., Pe-
terson, A., and Huberman, E. Mutagenesis by chemical agents in
V79 Chinese hamster cells: a review and analysis of the literature. A
report of the Gene-Tox Program. Mutat. Res. 87: 81-142 (1981).

Preston, J., Au, W., Bender, M. A., Brewen, J. G., Carrano, A.
V., Heddle, J. A., McFee, A. F., Wolff, S., and Wassom, J. S. Mam-

malian in2 vivo and in vitro cytogenetic assays: a report of the U.S.
EPA's Gene-Tox Program. Mutat. Res. 87: 143-188 (1981).

Leifer, Z., Kada, T., Mandel, M., Zeiger, E., Stafford, R., and
Rosenkranz, H. S. An evaluation of tests using DNA repair-deficient
bacteria for predicting genotoxicity and carcinogenicity. A report of
the U.S. EPA's Gene-Tox Program. Mutat. Res. 87: 211-297 (1981).

Kafer, E., Scott, B. R., Dorn, G. L., and Stafford, R. Aspergillus
nidiulants: systems and results of tests for chemical induction of mitotic
segregation and mutation. I. Diploid and duplication assay systems.
A report of the U.S. EPA Gene-Tox Program. Mutat. Res. 98: 1-48
(1982).

Scott, R., Dorn, G. L., Kafer, E., and Stafford, R. Aspergillus
nidulans: systems and results of tests for induction of mitotic seg-
regation and mutation. II. Haploid assay systems and overall response
of all systems. A report of the U.S. EPA Gene-Tox Program. Mutat.
Res. 98: 49-94 (1982).
Larsen (Mavournin), K. H., Brash, D., Cleaver, J. E., Hart, R.

W., Maher, V. M., Painter, R. B., and Sega, G. A. DNA repair assays
as tests for environmental mutagens. A report of the U.S. EPA Gene-
Tox Program. Mutat. Res. 98: 287-318 (1982).

Legator, M. S., Bueding, E., Batzinger, R., Conner, T. H., Ei-
senstadt, E., Farrow, M. G., Fiscor, G., Hsie, A., Seed, J., and
Stafford, R. S. An evaluation of the host-mediated assay and body
fluid analysis. A report of the U.S. Environmental Protection Agency
Gene-Tox Program. Mutat. Res. 98: 319-374 (1982).

Constantin, M. J., and Owens, E. T. Introduction and perspectives
of plant genetic and cytogenetic assays. A report of the U.S. Envi-
ronmental Protection Agency Gene-Tox Program. Mutat. Res. 99: 1-
12 (1982).

Constantin, M. J., and Nilan, R. A. Chromosome aberration assays
in barley (Hordeoni vuzlgare). A report of the U.S. Environmental
Protection Agency Gene-Tox Program. Mutat. Res. 99: 13-36 (1982).

Constantin, M. J., and Nilan, R. The chlorophyll-deficient mutant
assay in barley (Hordeium vulgare). A report of the U.S. Environ-
mental Protection Agency Gene-Tox Program. Mutat. Res. 99: 37-
49 (1982).
Redei, G. P. Mutagen assay with Arabidopsis. A report of the U.S.
Environmental Protection Agency Gene-Tox Program. Mutat. Res.
99: 243-255 (1982).
Ma, T.-H. Vicia cytogenetic tests for environmental mutagens. A

report of the U.S. Environmental Protection Agency Gene-Tox Pro-
gram. Mutat. Res. 99: 257-271 (1982).

Grant, W. F. Chromosome aberration assays in Allium. A report
of the U.S. Environmental Protection Agency Gene-Tox Program.
Mutat. Res. 99: 273-291 (1982).
Ma, T.-H. Tradescantia cytogenetic tests (root-tip mitosis, pollen

mitosis, pollen mother-cell meiosis). A report of the U.S. Environ-
mental Protection Agency Gene-Tox Program. Mutat. Res. 99: 293-
302 (1982).

Van't Hof, J., and Schairer, L. A. Tradescantia assay system for
gaseous mutagens. A report of the U.S. Environmental Protection
Agency Gene-Tox Program. Mutat. Res. 99: 303-315 (1982).

Plewa, M. J. Specific-locus mutation assays in Zea mays. A report
of the U.S. Environmental Protection Agency Gene-Tox Program.
Mutat. Res. 99: 317-337 (1982).

Vig, B. K. Soybeam (Gylcine mnax (L.) Merrill) as a short-term
assay for study of environmental mutagens. A report of the U.S.
Environmental Protection Agency Gene-Tox Program. Mutat. Res.
99: 339-347 (1982).

Heidelberger, C., Freeman, A. E., Pienta, R. J., Sivak, A., Ber-
tram, J. S., Casto, B. C., Dunkel, V. C., Francis, M. W., Kakunaga,
T., Little, J. B., and Schechtman, L. M. Cell transformation by chem-
ical agents-a review and analysis of the literature. A report of the
U.S. Environmental Protection Agency Gene-Tox Program. Mutat.
Res. 114: 283-385 (1983).
Wyrobek, A. J., Gordon, L. A., Burkhart, J. G., Francis, M. W.,

Kapp, R. W., Jr., Letz, G., Malling, H. V., Topham, J. C., and
Whorton, M. D. An evaluation of the mouse sperm morphology test
and other sperm tests in nonhuman mammals. A report of the U.S.
Environmental Protection Agency Gene-Tox Program. Mutat. Res.
115: 1-72 (1983).
Wyrobek, A. J., Gordon, L. A., Burkhart, J. G., Francis, M. W.,



294 J. S. WASSOM

Kapp, R. W., Jr., Letz, G., Malling, H. V., Topham, J. C., and
Whorton, M. D. An evaluation of human sperm as indicators of chem-
ically induced alterations of spermatogenic function. A report of the
U.S. Environmental Protection Agency Gene-Tox Program. Mutat.
Res. 115: 73-148 (1983).

Loprieno, N., Barale, R., Von Halle, E. S., and von Borstel, R.
C. Testing of chemicals for mutagenic activity with Schizosaccharo-
myces pombe. A report of the U.S. Environmental Protection Agency
Gene-Tox Program. Mutat. Res. 115: 215-223 (1983).

Clive, D., McCuen, R., Spector, J. F. S., Piper, C., and Mavournin,
K. H. Specific gene mutations in L5178Y cells in culture. A report of
the U.S. Environmental Protection Agency Gene-Tox Program. Mu-
tat. Res. 115: 225-251 (1983).

Heddle, J. A., Hite, M., Kirkhart, B., Mavournin, K., MacGregor,
J. T., Newell, G. W., and Salamone, M. F. The induction of micron-
uclei as a measure of genotoxicity. A report ofthe U. S. Environmental
Protection Agency Gene-Tox Program. Mutat. Res. 123: 61-118 (1983).
Lee (Leader), W. R., Abrahamson, S., Valencia, R., Von Halle,

E. S., Wurgler, F. E., and Zimmering, S. The sex-linked recessive
lethal test for mutagenesis in Drosophila melanogaster. A report of
the U.S. Environmental Protection Agency Gene-Tox Program. Mu-
tat. Res. 123: 183-279 (1983).

Mitchell, A. D., Casciano, D. A., Meltz, M. L., Robinson, D. E.,
San, R. H. C., Williams, G. M., and Von Halle, E. S. Unscheduled
DNA synthesis tests. A report of the U.S. Environmental Protection
Agency Gene-Tox Program. Mutat. Res. 123: 363-410 (1983).
Brockman, H. E., deSerres, F. J., Ong, T.-M, DeMarini, D. M.,

Katz, A. J., Griffiths, A. J. F., and Stafford, R. S. Mutation tests in
Neurospora crassa. A report of the U.S. Environmental Protection
Agency Gene-Tox Program. Mutat. Res. 133: 87-134 (1984).
Zimmermann, F. K., von Borstel, R. C., Von Halle, E. S., Parry,

J. M., Siebert, D., Zetterberg, G., Barale, R., and Loprieno, N.
Testing of chemicals for genetic activity with Saccharoinyces cere-
visiae. A report of the U.S. Environmental Protection Agency Gene-
Tox Program. Mutat. Res. 133: 199-244 (1984).

Valencia, R., Abrahamson, S., Lee, W. R., Von Halle, E. S., Wood-
ruff, R. C., Wurgler, F. E., and Zimmering, S. Chromosome mutation
tests for mutagenesis in Drosophila melanogaster. A report of the
U.S. Environmental Protection Agency Gene-Tox Program Mutat.
Res. 134: 61-88 (1984).

Manuscripts in Press (Mutation Research)
Green, S., Auletta, A., Fabricant, J., Kapp, R., Manandhar, M.,

Sheu, C.-J, Springer, J., and Whitfield, B. Current status of bioassays
in genetic toxicology-the dominant lethal assay. A report of the U.S.
Environmental Protection Agency Gene-Tox Program.

Manuscripts in Preparation for
Submission to Mutation Research

Kier, L. D., Brusick, D. J., Auletta, A. E., Von Halle, E. S.,
Simmon, V. F., Brown, M. M., Dunkel, V. C., McCann, J., Mortel-
mans, K., Prival, M. J., Rao, T. K., and Ray, V. A. The Salmonella
typhimuriiun microsome mutagenicity assay. A report of the U.S.
Environmental Protection Agency Gene-Tox Program.

Thanks are given to Eleanor T. Rogers, Elizabeth S. Von Halle,
Mary W. Francis, and P.-Y Lu for their review and comments.

This work was conducted for the National Toxicology Program
under Interagency Agreement Numbers Y01-ES-10072 and 3Y01-ES-
1-0073-02 and the U.S. Environmental Protection Agency under
Interagency Agreement Number DW89930626-01-0 with the U.S. De-
partment of Energy.

ORNL is operated by Martin Marietta Energy Systems, Inc., for
the U.S. Department of Energy under Contract No. DE-AC05-
840R21400.

REFERENCES

1. Kissman, H. M. Information retrieval in toxicology. Ann. Rev.
Pharmacol. Toxicol. 20: 285-305 (1980).

2. Akland, A. H., and Waters, M. D. Chemical and toxicological
data bases for assessment of structure-activity relationships. In:
Structure Activity Correlation as a Predictive Tool in Toxicology
(L. Golberg, Ed.), Hemisphere Publishing Corp. Washington, DC
1983, pp. 23-48.

3. Wassom, J. S. Mutagenesis, carcinogenesis, and teratogenesis
information systems. In: Safe Handling of Chemical Carcinogens,
Teratogens and Highly Toxic Substances, Vol. 1 (D. B. Walters,
Ed.), Ann Arbor Science Publishers, Inc., Ann Arbor, 1980, pp.
299-311.

4. Wassom, J. S. Mutagenicity research in the United States. Mu-
tagens Toxicol. 9: 4-15 (1980).

5. Waters, M. D., and Auletta, A. The Gene-Tox Program. Chem.
Inf. Comput. Sci. 21: 35-38 (1981).

6. DeMarini, D. M., and Shelby, M. D. Test data-how much is not
enough? Environ. Mutagen. 6: 119 (1984).

7. Heller, S. R., Milne, G. W. A., and Feldmann, R. J. A computer-
based chemical information system. Science 195: 253-259 (1977).

8. Oxman, M. A., Kissman, H. M., Burnside, J. M., Edge, J. E.,
Haberman, C. B., and Wykes, A. A. The Toxicology Data Bank.
J. Chem. Inf. Comput. Sci. 16: 19-21 (1976).

9. Kissman, H. M. The Toxicology Data Bank (TDB). NLM Tech.
Bull. 113: 5-6 (1978).

10. Tatken, R. L., and Lewis, R. J., Sr., Eds. Registry of Toxic
Effects of Chemical Substances. 1981-1982 Edition, DHHS
(NIOSH) Publication No. 83-107, 3 Vols., U.S. Government
Printing Office, Washington, DC, 1983.

11. Ray, V., Kier, L. D., Auletta, A. E., Kannan, K. L., Nesnow,
S., and Waters, M. D. An approach to identifying specialized
batteries of bioassays for specific classes of chemicals: class an-
alysis using mutagenicity and carcinogenicity relationships and
phylogenetic concordant and discordant patterns. Part 1. Compo-
sition and analysis of the overall data base. A report of the U.S.
Environmental Protection Agency Gene-Tox Program (in
preparation).

12. IARC Monographs on the Evaluation of the Carcinogenic Risk
of Chemicals to Humans, Vols. 1-32 and Supplements. Interna-
tional Agency for Research on Cancer, Lyons, France, (1972-
1984).

13. Lu, P. Y., and Haberman, C. B. Evaluation procedure for quality
of data in toxicology. Chem. Inf. Bull. 34 (2): 17 (1982).

14. Seltzer, R. J. Toxicology data bank steps up efforts. Chemical
and Engineering News 60: 33-35 (1982).

15. Golberg, L., Ed. Structure-Activity Correlation as a Predictive
Tool in Toxicology. Hemisphere Publishing Corp., Washington,
DC, 1983, 330 pp.

16. National Toxicology Program. Fiscal year 1984 Annual Plan, U.S.
Department of Health and Human Services.

17. Huff, J. E., and Moore, J. A. Carcinogenesis studies design and
experimental data interpretation/evaluation at the National Tox-
icology Program. In: Industrial Hazards of Plastics and Synthetic
Elastomers (J. Jarvisalo, P. Pfaffli, and H. Vainio, Eds.), Alan
R. Liss, Inc., New York, 1984, pp. 43-64.

18. Haworth, S., Lawlor, T., Mortelmans, K., Speck, W., and Zeiger,
E. Salmonella mutagenicity test results for 250 chemicals. En-
viron. Mutag. (Suppl 1) 5: 3-142 (1983).


